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ABSTRACT

Background: Arterial dead zone (ADZ) is a serious medical problem. It has been argued that violations in the work of the heart cause
various pathological processes that lead to the development of a dead zone.

In accordance with the new mechanism of DZ development, the main cause of DZ formation is changes in the arterial wall, which lead
to disruption of its contractile function. It is the formation of DZ in large and medium-sized arteries that causes the development of
severe pathological changes leading to the development of such diseases as myocardial infarction, stroke, and aneurysm.

Keywords
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Rationale

According to calculations - the length of the arterial bed is 29.1-
504,6 km. Mathematical modeling showed that if the delivery of
blood from the heart to the capillary bed, the required power ranges
from 660 to 11942 W. Thus, the main load during transportation
the blood to the capillary bed rests on the artery but not on the
heart and the vascular pump plays the major role in transportation
of blood. Even minor changes in the wall of the arteries, which
disrupts vascular pump, lead to the emergence of various vascular
diseases. The rationale for this idea I got Ming Chien Kao Awards
2015.

It is disorders in the vascular pump that lead to the formation
of DZ. The DZ formation in arteries leads to ischemia, heart
attacks, strokes, and gangrene. Previously, it was believed that
DZ is formed due to atherosclerosis, embolism and other diseases
leading to partial or complete occlusion of the blood vessel. We
have confirmed another mechanism of DZ formation. Changes in
the arterial wall, which lead to a violation of its contractile function
are the main cause of DZ formation. Only then do ischemic,

atherosclerotic, inflammatory, and other changes appear.

Introduction

Cardiovascular disease remains the leading cause of death
worldwide despite effective interventions [1]. For example,
hypertension continues to be a significant yet preventable risk
factor for cardiovascular disease events, contributing to 55% of
deaths related to ischemic heart disease and 45% of deaths related
to cerebrovascular disease [2]. Multiple studies have shown that the
main cause of DZ development is various pathological changes. It
is these changes that lead to DZ formation (atherosclerosis [3,4],
thrombosis and embolism [5,6], arterial spasm [7,8], vasculitis and
inflammatory diseases [9,10], diabetes and metabolic disorders
[11,12], hypertension [13,14].

Our research has contradicted this opinion. The main role in the
development of all cardiovascular diseases is attributed to the
disruption of arteries transporting blood to organs. These or those
diseases will occur depending on where the dead zone is formed in
the arteries supplying blood to one or another organ [15-20].

Mechanism of Dead Zone Formation (DZ)
A comparison of the clinical results of using constant and frequency
intravenous blood irradiation has shown that frequency irradiation,
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with all the same parameters, reduces blood pressure to a greater
extent. This is the result of a vascular bed response rather than a
reduction in cardiac output [21,22].

From the point of view of the mechanics, it is impossible to explain
how at the average power of the heart in rest - 3,3 W [23-25] the
heart can pump the blood through the vascular system which
length makes about 100 thousand kilometers. Although according
to well-known authors, mainly in the transportation of blood was
heart [26-28].

It was not explained how blood is delivered to organs and tissues
with such a small cardiac output capacity and huge length of
arteries. It has turned out that different types of arteries have
different anatomical structures [23,24,26]. It became evident that
only due to the work of muscular-elastic pump of arteries blood
is delivered to tissues. On these grounds, our studies proved a
new principle of the work of the cardiovascular system and a new
theory of the development of cardiovascular diseases [15-19].

Mathematical research proved that power from 660W to 11942 W
is required to deliver blood to tissues and organs [20,21].

It is segmental arterial dysfunctions that lead to the dead zone (DZ)
formation. In large and medium-sized arteries, the WZ triggers the
development of severe pathological changes in the arterial wall,
such as coronary thrombosis, atherosclerosis, violation of blood
transportation on the affected area, etc. These processes bring
about the development of such diseases as myocardial infarction,
stroke, aneurysm.

How DZ Formation has an Impact on Impaired Blood Flow in
Elastic and Musculo-elastic Arteries

The presented schemes of blood flow in these types of arteries
illustrate more clearly how DZ formation affects blood flow.

Elastic type (aorta, pulmonary trunk, pulmonary, common carotid
artery) consists of two shells (only elastic frame)- performs the
function of a compression chamber, expanding during systole and
tapering during diastole. There are baroreceptors that respond to
mechanical stretching Diagram of blood flow in Elastic types of
arteries (Figure 1).

Diagram of blood flow in Eastic type of arteries when forming a
DZ (Figure 2).

The arteries of the elastic type of work as a compression chamber.
It does not contain spiral-shaped muscle fibers, the contraction of

which provide a progressive laminar blood flow. Blood flow is
formed due to increased pressure from the upper parts and wave-
like transverse contraction of elastic fibers of the vascular wall.
The formation of DZ primarily disrupts the contractile function of
the arterial wall, and the formation of the return wave significantly
increases the shear stress. Due to the formation of the return
wave and increased shear stress, pulse dilatation of the artery is
disturbed. All these changes cause dysfunction of all layers of the
vascular wall both in the DZ zone and above the affected area.

Elastic and muscular type (subclavian, external and internal iliac,
femoral, mesenteric artery, celiac trunk) - joins the muscular layer
(spiral arrangement of fibers). This arrangement of fibers while
reducing the flow makes blood spiral. The baroreceptors disappear
and sympathetic adrenergic vasoconstrictor fibers appear. Diagram
of blood flow in Elastic and muscular type (Figure 3).

Diagram of blood flow in Elastic and muscular type of arteries
when forming a DZ (Figure 4).

Spiral-shaped muscle fibers appear in the elastic-muscular type
of arteries. The wave-like contraction of these fibers makes the
laminar flow spiral. This increases the contractile function of the
wall and reduces the shear stress of the blood vessel.

DZ formation disrupts blood flow to a lesser extent. In the affected
area and above, due to synchronous contraction of elastic and
muscle fibers, laminar spiral blood flow is restored.

DZ formation primarily violates the contractile function of the
arterial wall, while the return wave significantly increases the
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shear stress. As the elastic-muscular framework appears, the
disturbances of pulse dilatation and arterial remodulation are less
distinct. All these changes provoke disturbance of the function
of all layers of the vascular wall both in the DZ, and above the
affected area. Below the DZ, laminar spiral blood flow returns to
its normal state.

DZ as a Trigger for the Formation of Severe Vascular Disease
The formation of DZ is individual in nature. It can be a long-
term process, when there is a steady disruption of the contractile
function of the artery, followed by complete blockage of blood
flow in the affected area. It can also be a very rapid process when
these changes occur within a short time. Everything depends on
those pathological changes (metabolic, hormonal, inflammatory
and neurological, etc.) that affect the formation of DZ. Regardless
of the etiology of DZ formation, it triggers a set of pathological
changes that give rise to such severe pathology as heart attack,
stroke, aneurysm, bursting of the vessel wall. How DZ formation
affects the origin of these diseases is presented in Scheme 1.

Thus, the formation of DZ in large arteries triggers avalanche-like
pathological changes in the vessel wall, which lead to the most
severe coronary pathology, which holds the first place in terms of
mortality in the world.

Discussion

There is no a consensus on what factors influence DZ formation.
Some authors suggest that the root cause of DZ formation is various
pathological processes (atherosclerosis [3,4], thrombosis and
embolism [5,6], arterial spasm [7,8], vasculitis and inflammatory
diseases [9,10], diabetes mellitus and metabolic disorders [11,12],
hypertension [13,14].

Other authors argue that the main contribution is made by
biomechanical disorders in arteries, which are the trigger
mechanism of pathological changes (atherosclerosis [29-33], low-
density lipoprotein metabolism disorders [34-38], endothelial
dysfunction and inflammation [39-43], vascular permeability
disorders [44-56], thrombosis [57].

Atthe same time, other researchers have suggested that pathological
changes in the arterial wall, may drive the development of various
pathological processes.

This has been confirmed by morphological studies of coronary
arteries. They showed that accumulation of monocytes, lipids and
in the subepithelial space leads to inflammatory and atherosclerotic
changes in smooth muscle [58,59].

Haverich A, on the basis of hundreds of cardiovascular operations
performed, suggested that vasa vasorum occlusion, is an early
major pathophysiological mechanism that triggers the development
of inflammation from the adventitia to the intima [60].

Hormonal disturbances are also stimulators of inflammation in
smooth muscle and epithelial cells [61-77].

The problem was viewed from the perspective that cardiac
dysfunction leads to biomechanical abnormalities in the arteries.

Only when a new principle of cardiovascular system operation and
a new theory of cardiovascular disease development were proved,
it became clear that the trigger mechanism of DZ development is
pathological changes in the arterial wall. It is pathological changes
in the arterial wall that first lead to biomechanical disturbances in
the affected area, with subsequent development of a whole chain
of pathological processes.

Dead zone

\/

Biomechanical factors

Disturbance of contractile function of the wall,
Limitation of vessel remodulation,
Impairment of pulse dilatation of the vessel,
Increase in shear stress

Violation of the blood supply

Microcirculatory disorders,
Vasospasm,
Haemorrhages,

Thrombus formation

v

Immunological disturbances | Metabolic disturbances

| Disturbance of innervation | Hormonal disturbances

Inflammatory process Calcification Necrosis Endothelial Pathological changes of
pathological changes epithelium
| Infarct | Stroke | Aneurysm | Wall rupture |
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Conclusion

1.

According to the new principle of the cardiovascular system,
it is precisely segmental disorders in the arteries that lead to
the formation of ‘dead zone’ (DZ).

The formation of DZ avalanche-like causes the development
of pathological processes, both in the affected area and above
the level of the damage, especially in arteries of elastic type.
DZ formation in large arteries results in pathological changes
that lead to severe coronary pathology such as heart attack,
stroke, aneurysm, rupture of the arterial wall.
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